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LOW EQUIVALENT SERIES RESISTANCE interference ( EMI ) protection to sensitive active implantable 
RF FILTER CIRCUIT BOARD FOR AN medical device ( AIMD ) electronics . 

ACTIVE IMPLANTABLE MEDICAL DEVICE 
BACKGROUND OF THE INVENTION 

CROSS - REFERENCE TO RELATED 
APPLICATIONS Compatibility of cardiac pacemakers , implantable defi 

brillators and other types of active implantable medical 
The present application is a continuation - in - part of U.S. devices with magnetic resonance imaging ( MRI ) and other 

application Ser . No. 16 / 827,171 , filed on Mar. 23 , 2020 , now types of hospital diagnostic equipment has become a major 
U.S. Pat . No. 11,071,858 , which is a continuation of U.S. 10 issue . If one proceeds to the websites of the major cardiac 
application Ser . No. 16 / 121,716 , filed on Sep. 5 , 2018 , now pacemaker manufacturers in the United States , which 
U.S. Pat . No. 10,596,369 , which is a continuation - in - part to include St. Jude Medical , Medtronic and Boston Scientific 
U.S. application Ser . No. 15 / 943,998 , filed on Apr. 3 , 2018 , ( formerly Guidant ) , one will see that the use of MRI is 
now U.S. Pat . No. 10,350,421 , which claims priority from generally contra - indicated for patients with implanted pace 
U.S. App . Ser . No. 62 / 646,552 , filed on Mar. 22 , 2018 . 15 makers and cardioverter defibrillators . See also recent press 

The present application is also a continuation - in - part of announcements of the Medtronic Revo MRI pacemaker 
U.S. application Ser . No. 15 / 797,278 , filed on Oct. 30 , 2017 , which was recently approved by the U.S. FDA . With certain 
now U.S. Pat . No. 10,272,253 , which is a continuation - in- technical limitations as to scan type and location , this is the 
part of U.S. application Ser . No. 15 / 704,657 , filed on Sep. first pacemaker designed for MRI scanning . See also : 
14 , 2017 , now U.S. Pat . No. 10,092,749 , which claims 20 ( 1 ) “ Safety Aspects of Cardiac Pacemakers in Magnetic 
priority from U.S. App . Ser . No. 62 / 552,363 , filed on Aug. Resonance Imaging ” , a dissertation submitted to the 
30 , 2017 . Swiss Federal Institute of Technology Zurich presented 

The present application is also a continuation - in - part of by Roger Christoph Luchinger , Zurich 2002 ; 
U.S. application Ser . No. 15 / 603,521 , filed on May 24 , 2017 , ( 2 ) “ 1 . Dielectric Properties of Biological Tissues : Literature 
now U.S. Pat . No. 10,272,252 , which claims priority from 25 Survey ” , by C. Gabriel , S. Gabriel and E. Cortout ; 
U.S. App . Ser . Nos . 62 / 461,872 , filed on Feb. 22 , 2017 ; ( 3 ) “ II . Dielectric Properties of Biological Tissues : Mea 
62 / 450,187 , filed on Jan. 25 , 2017 ; 62 / 443,011 , filed on Jan. surements and the Frequency Range 0 Hz to 20 GHz ” , by 
6 , 2017 ; 62 / 422,064 , filed on Nov. 15 , 2016 ; and 62/420 , S. Gabriel , R. W. Lau and C. Gabriel ; 
164 , filed on Nov. 10 , 2016 . ( 4 ) “ III . Dielectric Properties of Biological Tissues : Para 
The present application is also a continuation - in - part of 30 metric Models for the Dielectric Spectrum of Tissues ” , by 

U.S. application Ser . No. 15 / 250,210 , filed on Aug. 29 , 2016 , S. Gabriel , R. W. Lau and C. Gabriel ; 
now U.S. Pat . No. 9,931,514 , which is a continuation of U.S. ( 5 ) “ Advanced Engineering Electromagnetics ” , C. A. Bala 
application Ser . No. 15 / 163,241 , filed on May 24 , 2016 , now nis , Wiley , 89 ; ( 6 ) Systems and Methods for Magnetic 
U.S. Pat . No. 9,764,129 , which is a continuation - in - part to Resonance - Guided Interventional Procedures , U.S. Pat . 
U.S. application Ser . No. 14 / 826,229 , filed on Aug. 14 , 2015 , 35 No. 7,844,319 , Susil and Halperin et al . , filed Apr. 15 , 
now U.S. Pat . No. 9,427,596 , which is a continuation of U.S. 2002 ; 
application Ser . No. 14 / 688,302 , filed on Apr. 16 , 2015 , now ( 7 ) Multifunctional Interventional Devices for MRI : A Com 
U.S. Pat . No. 9,757,558 , which is a continuation - in - part to bined Electrophysiology / MRI Catheter , by , Robert C. 
U.S. application Ser . No. 14 / 202,653 , filed on Mar. 10 , 2014 , Susil , Henry R. Halperin , Christopher J. Yeung , Albert C. 
now U.S. Pat . No. 9,014,808 , which is a continuation of U.S. 40 Lardo and Ergin Atalar , MRI in Medicine , 2002 ; and 
application Ser . No. 14 / 808,849 , filed on Nov. 25 , 2013 , now ( 8 ) Multifunctional Interventional Devices for Use in MRI , 
U.S. Pat . No. 8,855,768 , which claims priority from U.S. U.S. Pat . No. 7,844,534 , Susil et al . , issued Nov. 30 , 2010 . 
App . Ser . No. 61 / 841,419 , filed on Jun . 30 , 2013 . The contents of the foregoing are all incorporated herein by 

The present application is also a continuation - in - part of these references . 
U.S. application Ser . No. 13 / 408,020 , filed on Feb. 29 , 2012 , 45 However , an extensive review of the literature indicates 
abandoned , which claims priority from U.S. App . Ser . No. that , despite being contra - indicated , MRI is indeed often 
61 / 448,069 , filed on Mar. 1 , 2011 . used to image patients with pacemaker , neurostimulator and 
The present application is also a continuation - in - part of other active implantable medical devices ( AIMDs ) . As such , 

U.S. application Ser . No. 16 / 589,752 , filed on Oct. 1 , 2019 , the safety and feasibility of MRI in patients with cardiac 
which is a continuation of Ser . No. 16 / 004,569 , filed on Jun . 50 pacemakers is an issue of gaining significance . The effects of 
11 , 2018 , now U.S. Pat . No. 11,198,014 . MRI on patients ' pacemaker systems have only been ana 
The present application also claims priority to U.S. App . lyzed retrospectively in some case reports . There are a 

Ser . No. 62 / 979,600 filed on Feb. 21 , 2020 . number of papers that indicate that MRI on new generation 
The contents of all the above applications are fully pacemakers can be conducted up to 0.5 Tesla ( T ) . MRI is one 

incorporated herein by these references . 55 of medicine's most valuable diagnostic tools . MRI is , of 
course , extensively used for imaging , but is also used for 

FIELD OF THE INVENTION interventional medicine ( surgery ) . In addition , MRI is used 
in real time to guide ablation catheters , neurostimulator tips , 

This invention generally relates to the problem of RF deep brain probes and the like . An absolute contra - indication 
energy induced into implanted leads during medical diag- 60 for pacemaker or neurostimulator patients means that these 
nostic procedures such as magnetic resonant imaging ( MRI ) , patients are excluded from MRI . This is particularly true of 
and provides methods and apparatus for redirecting RF scans of the thorax and abdominal areas . Because of MRI's 
energy to locations other than the distal tip electrode - to- incredible value as a diagnostic tool for imaging organs and 
tissue interface . More specifically , the present invention other body tissues , many physicians simply take the risk and 
utilizes either an MLCC chip capacitor , a flat - through filter 65 go ahead and perform MRI on a pacemaker patient . The 
capacitor or an X2Y attenuator having a dielectric k greater literature indicates a number of precautions that physicians 
than 0 and less than 1,000 to provide electromagnetic should take in this case , including limiting the power of the 
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MRI RF - pulse field ( Specific Absorption Rate SAR level ) , phenomenon . The gradient field is not considered by many 
programming the pacemaker to fixed or asynchronous pac- researchers to create any other adverse effects . 
ing mode , and then careful reprogramming and evaluation of It is instructive to note how voltages and electro - magnetic 
the pacemaker and patient after the procedure is complete . interference ( EMI ) are induced into an implanted lead 
There have been reports of latent problems with cardiac 5 system . At very low frequency ( VLF ) , voltages are induced 
pacemakers or other AIMDs after an MRI procedure some- at the input to the cardiac pacemaker as currents circulate 
times occurring many days later . Moreover , there are a throughout the patient's body and create voltage drops . 
number of recent papers that indicate that the SAR level is Because of the vector displacement between the pacemaker 
not entirely predictive of the heating that can be found in housing and , for example , the tip electrode , voltage drop 
implanted leads or devices . For example , for magnetic 10 across the resistance of body tissues may be sensed due to 
resonance imaging devices operating at the same magnetic Ohms Law and the circulating current of the RF signal . At 
field strength and also at the same SAR level , considerable higher frequencies , the implanted lead systems actually act 
variations have been found relative to heating of implanted as antennas wherein voltages ( EMFs ) are induced along 
leads . It is speculated that SAR level alone is not a good their length . These antennas are not very efficient due to the 
predictor of whether or not an implanted device or its 15 damping effects of body tissue ; however , this can often be 
associated lead system will overheat . offset by extremely high - power fields ( such as MRI pulse 

There are three types of electromagnetic fields used in an fields ) and / or body resonances . At very high frequencies 
MRI unit . The first type is the main static magnetic field ( such as cellular telephone frequencies ) , EMI signals are 
designated B , which is used to align protons in body tissue . induced only into the first area of the leadwire system ( for 
The field strength varies from 0.5 to 3.0 Tesla in most of the 20 example , at the header block of a cardiac pacemaker ) . This 
currently available MRI units in clinical use . Some of the has to do with the wavelength of the signals involved 
newer MRI system fields can go as high as 4 to 5 Tesla . At wherein the signals couple efficiently into the system . 
the International Society for Magnetic Resonance in Medi- Magnetic field coupling into an implanted lead system is 
cine ( ISMRM ) , which was held on 5-6 Nov. 2005 , it was based on loop areas . For example , in a cardiac pacemaker 
reported that certain research systems are going up as high 25 unipolar lead , there is a loop formed by the lead as it comes 
as 11.7 Tesla . This is over 100,000 times the magnetic field from the cardiac pacemaker housing to its distal tip elec 
strength of the earth . A static magnetic field can induce trode , for example , located in the right ventricle . The return 
powerful mechanical forces and torque on any magnetic path is through body fluid and tissue generally straight from 
materials implanted within the patient . This includes certain the tip electrode in the right ventricle back up to the 
components within the cardiac pacemaker itself and / or lead 30 pacemaker case or housing . This forms an enclosed area 
systems . It is not likely ( other than sudden system shut which can be measured from patient X - rays in square 
down ) that the static MRI magnetic field can induce currents centimeters . The average loop area is 200 to 225 square 
into the pacemaker lead system and hence into the pace- centimeters . This is an average and is subject to great 
maker itself . It is a basic principle of physics that a magnetic statistical variation . For example , in a large adult patient 
field must either be time - varying as it cuts across the 35 with an abdominal pacemaker implant , the implanted loop 
conductor , or the conductor itself must move within a area is much larger ( around 400 square centimeters ) . 
specifically varying magnetic field for currents to be Relating now to the specific case of MRI , the magnetic 
induced . gradient fields are induced through enclosed loop areas . 

The second type of field produced by magnetic resonance However , the RF - pulse fields generated by the body coil are 
imaging is the RF - pulse field which is generated by a body 40 primarily induced into the lead system by antenna action . 
coil or a head coil . This is used to change the energy state Subjected to RF frequencies , the lead itself can exhibit 
of the protons and elicit MRI signals from tissue . The RF complex transmission line behavior . 
field is homogeneous in the central region and has two main At the frequencies of interest in MRI , RF energy can be 
components : ( 1 ) the electric field is circularly polarized in absorbed and converted to heat . The power deposited by RF 
the actual plane ; and ( 2 ) the H field , sometimes generally 45 pulses during MRI is complex and is dependent upon the 
referred to as the net magnetic field in matter , is related to power [ Specific Absorption Rate ( SAR ) Level ] and duration 
the electric field by Maxwell's equations and is relatively of the RF pulse , the transmitted frequency , the number of RF 
uniform . In general , the RF field switched on and off pulses applied per unit time , and the type of configuration of 
during measurements and usually has a frequency of about the RF transmitter coil used . The amount of heating also 
21 MHz to about 500 MHz depending upon the static 50 depends upon the volume of tissue imaged , the electrical 
magnetic field strength . The frequency of the RF pulse for resistivity of tissue and the configuration of the anatomical 
hydrogen scans varies by the Lamour equation with the field region imaged . There are also a number of other variables 
strength of the main static field where : RF - PULSE FRE- that depend on the placement in the human body of the 
QUENCY in MHz = ( 42.56 ) ( STATIC FIELD STRENGTH AIMD and the length and trajectory of its associated lead ( s ) . 
IN TESLA ) . There are also phosphorous and other types of 55 For example , it will make a difference how much EMF is 
scanners wherein the Lamour equation would be different . induced into a pacemaker lead system as to whether it is a 
The present invention applies to all such scanners . left or right pectoral implant . In addition , the routing of the 
The third type of electromagnetic field is the time - varying lead and the lead length are also very critical as to the 

magnetic gradient fields designated By , By , Bz , which are amount of induced current and heating that can occur . Also , 
used for spatial localization . These change their strength 60 distal tip design is very important as it can heat up due to 
along different orientations and operating frequencies on the MRI RF induced energy . 
order of 2-5 kHz . The vectors of the magnetic field gradients The cause of heating in an MRI environment is twofold : 
in the X , Y and Z directions are produced by three sets of ( a ) RF field coupling to the lead can occur which induces 
orthogonally positioned coils and are switched on only significant local heating ; and ( b ) currents induced between 
during the measurements . In some cases , the gradient field 65 the distal tip and tissue during MRI RF pulse transmission 
has been shown to elevate natural heart rhythms ( heart beat ) . sequences can cause local Ohms Law ( resistive ) heating in 
This is not completely understood , but it is a repeatable tissue next to the distal tip electrode of the implanted lead . 
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The RF field of an MRI scanner can produce enough energy will be more fully described . In any event , it is very 
to induce RF voltages in an implanted lead and resulting important that excessive RF current not flow at this junction 
currents sufficient to damage some of the adjacent myocar- between the distal tip electrode and for example , myocardial 
dial tissue . Tissue ablation ( destruction resulting in scars ) or nerve tissue . Excessive current at the distal electrode to 
has also been observed . The effects of this heating are not 5 tissue interface can cause excessive heating of said tissue to 
readily detectable by monitoring during the MRI . Indica- the point of tissue ablation or even tissue perforation , which 
tions that heating has occurred includes an increase in can be life threatening for cardiac patients . For neurostimu 
pacing threshold , venous ablation , larynx or esophageal lator patients , such as deep brain stimulator patients , thermal 
ablation , myocardial perforation and lead penetration , or injury can cause coma , permanent disability or can even be 
even arrhythmias caused by scar tissue . Such long - term 10 life - threatening . Similar issues exist for spinal cord stimu 
heating effects of MRI have not been well studied yet for all lator patients , cochlear implant patients and the like . 
types of AIMD lead geometries . There can also be localized Interestingly , the inventors performed an experiment in an 
heating problems associated with various types of electrodes MRI scanner with a human body gel - filled phantom . In the 
in addition to tip electrodes . This includes ring electrodes or phantom , placed in an anatomic position , was an operating 
pad electrodes . Ring electrodes are commonly used with a 15 pacemaker and a lead . This was during evaluation of the 
wide variety of implanted devices including cardiac pace- efficacy of bandstop filters at or near the distal tip electrode 
makers , and neurostimulators , and the like . Pad electrodes for preventing the distal tip electrode from overheating . 
are very common in neurostimulator applications . For Bandstop filters for this purpose are more thoroughly 
example , spinal cord stimulators or deep brain stimulators described in U.S. Pat . No. 7,363,090 , the content of which 
can include at least ten pad electrodes to make contact with 20 is fully incorporated herein by this reference . During the 
nerve tissue . A good example of this also occurs in a experiments , there was a control lead that had no bandstop 
cochlear implant . In a typical cochlear implant there are filter . During a particularly RF intense scanning sequence , 
sixteen pad electrodes placed up into the cochlea . Several of Luxtron probes measured a distal helix tip electrode tem 
these pad electrodes make contact with auditory nerves . perature rise of 30 ° C. Of course , the 30 ° C. temperature rise 

Although there are a number of studies that have shown 25 in a patient would be very alarming as it can lead to pacing 
that MRI patients with active implantable medical devices , capture threshold changes or even complete loss capture due 
such as cardiac pacemakers , can be at risk for potential to scar tissue formation . An identical lead with the bandstop 
hazardous effects , there are a number of reports in the filter in place only had a temperature rise of 3 ° C. This was 
literature that MRI can be safe for imaging of pacemaker a remarkable validation of the efficacy of bandstop filters for 
patients when a number of precautions are taken ( only when 30 implantable electrodes . However , something very interest 
an MRI is thought to be an absolute diagnostic necessity ) . ing happened when we disconnected the pacemaker . We 
While these anecdotal reports are of interest , they are disconnected the pacemaker and put a silicone lead cap over 
certainly not scientifically convincing that all MRI can be the proximal end of the lead . Again , we put the gel phantom 
safe . For example , just variations in the pacemaker lead back inside the MR scanner and this time we measured an 
length and implant trajectory can significantly affect how 35 11 ° C. temperature rise on the lead with the bandstop filter . 
much heat is generated . A paper entitled , HEATING This was proof positive that the housing of the AIMD acts 
AROUND INTRAVASCULAR GUIDEWIRES BY RESO- as part of the system . The prior art feedthrough capacitor 
NATING RF WAVES by Konings , et al . , journal of Mag- created a fairly low impedance at the input to the pacemaker 
netic Resonance Imaging , Issue 12 : 79-85 ( 2000 ) , does an and thereby drew RF energy out of the lead and diverted it 
excellent job of explaining how the RF fields from MRI 40 to the housing of the pacemaker . It has recently been 
scanners can couple into implanted leads . The paper discovered that the impedance , and in particular , the ESR of 
includes both a theoretical approach and actual temperature these capacitors , is very important so that maximal energy 
measurements . In a worst - case , they measured temperature can be pulled from the lead and diverted to the pacemaker 
rises of up to 74 degrees C. after 30 seconds of scanning housing while at the same time , not unduly overheating the 
exposure . The content of this paper is fully incorporated 45 feedthrough capacitor . 
herein by this reference . Accordingly , there is a need for novel low ESR diverting 

The effect of an MRI system on the function of pacemak- capacitors and circuits which are frequency selective and are 
ers , ICDs , neurostimulators and the like , depends on various constructed of passive components for implantable leads 
factors , including the strength of the static magnetic field , and / or leadwires . Further , there is a need for very low ESR 
the pulse sequence , the strength of RF field , the anatomic 50 diverter element capacitor ( s ) which are designed to decouple 
region being imaged , and many other factors . Further com- a maximum amount of induced RF energy from an 
plicating this is the fact that each patient's condition and implanted lead to an AIMD housing while at the same time 
physiology is different , and each lead implant has a different not overheat . The present invention fulfills these needs and 
length and / or implant trajectory in body tissues . Most provides other related advantages . 
experts still conclude that MRI for the pacemaker patient 55 
should not be considered safe . SUMMARY OF THE INVENTION 

It is well known that many of the undesirable effects in an 
implanted lead system from MRI and other medical diag- An exemplary embodiment of the present invention is a 
nostic procedures are related to undesirable induced EMFs filtered feedthrough assembly attachable to an opening of a 
in the lead system and / or RF currents in its distal tip ( or ring ) 60 housing of an active implantable medical device . The fil 
electrodes . This can lead to overheating of body tissue at or tered feedthrough assembly comprises : a hermetic feed 
adjacent to the distal tip . through comprising : ( I ) a metallic and electrically conduc 

Distal tip electrodes can be unipolar , bipolar and the like . tive ferrule configured to be installed in the opening of the 
It is very important that excessive current not flow at the housing of the active implantable medical device , the ferrule 
interface between the lead distal tip electrode and body 65 separating a body fluid side opposite a device side , and the 
tissue . In a typical cardiac pacemaker , for example , the distal ferrule comprising a ferrule opening extending from the 
tip electrode can be passive or of a screw - in helix type as body fluid side to the device side ; ( ii ) an insulator disposed 
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at least partially within the ferrule opening ; ( iii ) a first outside surface of a peninsula or a bridge extending into the 
hermetic seal disposed between the insulator and the ferrule ferrule opening of the ferrule . The ground electrical con 
opening hermetically sealing the insulator to the ferrule ; ( iv ) nection may comprise a conductive material electrically 
at least one passageway disposed through the insulator connecting the ground capacitor metallization to the gold 
extending from the body fluid side to the device side ; ( v ) a 5 pocket - pad . 
conductive pathway disposed within the at least one pas- As best shown in FIG . 651 , the ground capacitor metal 
sageway , the conductive pathway hermetically sealed to the lization may comprise a first ground capacitor metallization 
at least one passageway . At least one filter capacitor is disposed at an edge of the flat - through filter capacitor and a 
disposed on the device side , comprising : ( i ) at least one second ground capacitor metallization disposed in a middle 
active electrode plate and at least one ground electrode plate 10 of the flat - through capacitor , wherein the second ground 
disposed within a capacitor dielectric body in spaced and metallization is electrically connected to the ferrule at a 
interleaved relation with each other ; ( ii ) a capacitor active peninsula or a bridge extending into the ferrule opening of 
metallization attached to the capacitor dielectric body and the ferrule . 
electrically connected to the at least one active electrode The flat - through filter capacitor may be disposed on a 
plate ; ( iii ) a ground capacitor metallization attached to the 15 circuit board , the circuit board comprising at least one 
capacitor dielectric body and electrically connected to the at ground plate disposed in or on the circuit board , and wherein 
least one ground electrode plate ; ( iv ) wherein the at least one the at least one ground plate is electrically connected to the 
filter capacitor is the first filter capacitor electrically con- ground capacitor metallization and to the ferrule . 
nected to the conductive pathway coming from the body The at least one filter capacitor may be an X2Y attenuator 
fluid side into the device side ; ( v ) wherein the capacitor 20 filter capacitor . 
dielectric body ( 148 ) has a dielectric constant k that is As best shown in FIGS . 70C and 70D , the at least one 
greater than 0 and less than 1,000 . An active electrical filter capacitor may be disposed at least partially over the 
connection electrically connects the conductive pathway to insulator in a tombstone mounting position , wherein the at 
the capacitor active metallization , and a ground electrical least one active electrode plate and the at least one ground 
connection electrically connects the ground capacitor met- 25 electrode plate are disposed perpendicular in relation to an 
allization to the ferrule . Further embodiments of the inven- outside surface of the ferrule on the device side . The ground 
tion are now discussed herein . electrical connection may comprise a conductive material 
As best shown in FIGS . 63-64C and 65A - 65R , the at least electrically connecting the ground capacitor metallization to 

one filter capacitor may be a flat - through filter capacitor . a gold braze forming the first hermetic seal . 
Furthermore , the flat - through filter capacitor may be dis- 30 The X2Y attenuator filter capacitor may be disposed on a 

posed at least partially over the insulator in a tombstone circuit board , the circuit board comprising at least one 
mounting position , wherein the at least one active electrode ground plate disposed in or on the circuit board , and wherein 
plate and the at least one ground electrode plate are disposed the least one ground plate is electrically connected to the 
perpendicular in relation to an outside surface of the ferrule ground capacitor metallization and to the ferrule . 
on the device side , best shown in FIGS . 65A - 65R . The first hermetic seal may comprise a first gold braze . 

The ground capacitor metallization may be disposed at an The conductive pathway may comprise a leadwire , the 
edge of the flat - through filter capacitor as shown in FIG . leadwire hermetically sealing the at least one passageway by 
65A . The ground electrical connection may comprise a a second gold braze . 
conductive wire gold brazed or welded to the ferrule . The The conductive pathway may comprise a platinum fill 
ground electrical connection may comprise a conductive 40 co - fired with the insulator or the conductive pathway may 
material electrically connecting the ground capacitor met- comprise a ceramic reinforced metal composite co - fired with 
allization to the conductive wire gold brazed or welded to the insulator . 
the ferrule . The ground electrical connection may comprise As best shown in FIGS . 70C and 70D , another embodi 
a gold pocket - pad disposed within a pocket formed in the ment of the present invention is a filtered feedthrough 
outside surface of the ferrule . The ground electrical connec- 45 assembly attachable to an opening of a housing of an active 
tion may comprise a conductive material electrically con- implantable medical device , the filtered feedthrough assem 
necting the ground capacitor metallization to the gold bly comprising : a ) a hermetic feedthrough , comprising : ( i ) a 
pocket - pad . The ground electrical connection may comprise metallic and electrically conductive ferrule configured to be 
a conductive material electrically connecting the ground installed in the opening of the housing of the active implant 
capacitor metallization to a gold braze forming the first 50 able medical device , the ferrule separating a body fluid side 
hermetic seal . The ground electrical connection may com- opposite a device side , and the ferrule comprising a ferrule 
prise a metallization layer disposed on the outside surface of opening extending from the body fluid side to the device 
the ferrule which is overlaid by an electrically conductive side ; ( ii ) an insulator disposed at least partially within the 
adhesive . The ground electrical connection may comprise a ferrule opening ; ( iii ) a first hermetic seal disposed between 
conductive material electrically connecting the ground 55 the insulator and the ferrule opening hermetically sealing the 
capacitor metallization to the electrically conductive adhe- insulator to the ferrule ; ( iv ) a first and a second passageway a 
sive . disposed through the insulator extending from the body fluid 
The ground capacitor metallization may be disposed in a side to the device side ; ( v ) a first and a second conductive 

middle of the flat - through filter capacitor as best shown in pathway disposed respectively within the first and the sec 
FIG . 65E . The ground electrical connection may comprise a 60 ond passageway , the conductive pathways hermetically 
conductive wire gold brazed or welded to a peninsula or a sealed to their respective passageways ; b ) an X2Y attenuator 
bridge extending into the ferrule opening of the ferrule . The filter capacitor disposed on the device side , comprising : ( i ) 
ground electrical connection may comprise a conductive at least a first and a second active electrode plate and at least 
material electrically connecting the ground capacitor met- one ground electrode plate ( 146 ) disposed within a capacitor 
allization to the conductive wire gold brazed or welded to 65 dielectric body in spaced and interleaved relation with each 
the ferrule . The ground electrical connection may comprise other ; ( ii ) a first and a second capacitor active metallization 
a gold pocket - pad disposed within a pocket formed in the attached to the capacitor dielectric body and electrically 
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connected respectively to the first and the second active FIG . 17 is an isometric view of a flat - through three 
electrode plates ; ( iii ) a ground capacitor metallization terminal capacitor ; 
attached to the capacitor dielectric body and electrically FIG . 18 illustrates the internal electrode plates of the 
connected to the at least one ground electrode plate ; ( iv ) flat - through capacitor of FIG . 17 ; 
wherein the X2Y attenuator filter capacitor is the first filter 5 FIG . 18A is the electrical schematic of FIGS . 17 and 18 ; 
capacitor electrically connected to the conductive pathways FIG . 19 is an isometric exploded view of a multi - lead 
coming from the body fluid side into the device side ; ( v ) hermetic feedthrough with substrate mounted MLCC chip 
wherein the X2Y attenuator filter capacitor is disposed at capacitors showing use of a substrate between the feed 
least partially over the insulator in a tombstone mounting through and the filter support assembly ; 
position , wherein the at least the first and the second active 10 FIG . 19A is the electrical schematic of FIG . 19 ; electrode plate and the at least one ground electrode plate are FIG . 20 illustrates a cross - sectional view of an MLCC disposed perpendicular in relation to an outside surface of chip capacitor mounted to separate circuit traces ; the ferrule on the device side ; c ) a first active electrical FIG . 21 is a schematic representation explaining the connection electrically connecting the first conductive path way to the first capacitor active metallization ; d ) a second 15 elements that are components of the FIG . 20 capacitor's 
active electrical connection electrically connecting the sec equivalent series resistance ( ESR ) ; 
ond conductive pathway to the second capacitor active FIG . 22 is an equation that relates the capacitance with the 
metallization , and e ) a ground electrical connection electri capacitor's active area , dielectric constant , number of elec 
cally connecting the ground capacitor metallization to the trode plates and dielectric thickness ; 
ferrule . FIG . 23 shows the difference between an ideal capacitor 

Other features and advantages of the present invention and a real capacitor , including dielectric loss tangent and 
will become apparent from the following more detailed dissipation factor ; 
description , taken in conjunction with the accompanying FIG . 24 gives the formulas for capacitive reactance , 
drawings which illustrate , by way of example , the principles dissipation factor , equivalent series resistance ( ESR ) and 
of the invention . 25 dielectric loss tangent ; 

FIG . 25 is an equivalent circuit model for a real capacitor ; 
BRIEF DESCRIPTION OF THE DRAWINGS FIG . 26 is a schematic illustrating a simplified model for 

capacitor ESR ; 
The accompanying drawings illustrate the invention . In FIG . 27 is a graph illustrating capacitor dielectric loss 

such drawings : 30 versus frequency ; 
FIG . 1 is a wire - formed diagram of a generic human body FIG . 28 is a graph illustrating normalized curves which 

showing a number of exemplary implanted medical devices ; show the capacitor equivalent series resistance ( ESR ) on the 
FIG . 2 is a pictorial view of an AIMD patient who is about y axis , versus frequency on the x 

to be placed into an MRI scanner ; FIG . 29 illustrates the reactance and real losses of a 
FIG . 3 shows a side view of the patient within the scanner 35 2,000 - picofarad X7R feedthrough capacitor ; 

showing an intense RF field impinging on the implanted FIG . 30 illustrates the reactance and real losses of a 
medical device and its associated lead ; 2,000 - picofarad COG ( NPO ) capacitor ; 
FIG . 4 is a top view of the patient in the MRI scanner FIG . 31 is a graph illustrating capacitor equivalent series 

showing one location of the AIMD and its associated lead ; resistance versus frequency as illustrated in a sweep from an 
FIG . 5 is a line drawing of a human heart with cardiac 40 Agilent E4991A materials analyzer ; 

pacemaker dual chamber bipolar leads shown in the right FIG . 32 is a cross - sectional view of a low k MLCC chip 
ventricle and the right atrium ; capacitor with an increased number of electrode plates to 
FIG . 6 illustrates a dual chamber cardiac pacemaker with minimize ESR ; 

its associated leads and electrodes implanted into a human FIG . 33 is an equation showing that the total high fre 
heart ; 45 quency electrode resistive losses drop in accordance with the 
FIG . 7 is an isometric view illustrating the rectangular parallel plate formula for capacitor electrode plates ; 

feedthrough capacitor mounted to a hermetic terminal ; FIG . 34 is a cross - sectional view of a quad polar feed 
FIG . 8 is an enlarged cross - sectional view taken generally through capacitor similar to FIGS . 9 and 10 except that it is 

along the line 8-8 of FIG . 7 ; low ESR and designed for maximal heat flow ; 
FIG . 9 is an isometric view of a round hermetic terminal 50 FIG . 35 is a partial cross - section taken from section 35-35 

showing a quad polar RF diverter feedthrough capacitor ; from FIG . 34 illustrating dual electrode plates to minimize 
FIG . 10 is an enlarged cross - sectional view taken gener- capacitor ESR and maximize heat flow out of the capacitor ; 

ally along the line 10-10 from FIG . 9 ; FIG . 36 is similar to FIG . 35 except that just the ground 
FIG . 11 is an electrical schematic diagram of the quad electrode plates have been doubled ; 

polar feedthrough capacitor of FIGS . 7-10 ; FIG . 37 illustrates a family of lowpass filters indicating 
FIG . 12 is a cross - sectional view of an embodiment of a the present invention can be anything from a simple diverter 

hermetic terminal subassembly installed in a housing of an capacitor 140 to an n - element lowpass filter ; 
AIMD ; FIG . 38 illustrates a feedthrough diverter capacitor , a 
FIG . 13 is a cross - sectional view of another embodiment bandstop filter and an L - C trap ; 

of a hermetic terminal subassembly now showing a capaci- 60 FIG . 39 illustrates a cardiac pacemaker with a diverter 
tor with filled and a bore - coated via ; feedthrough capacitor and also a circuit board mounted chip 

FIG . 14 is an isometric view of a monolithic multi - layer capacitor filter which forms a composite filter and also 
ceramic capacitor ( MLCC ) chip capacitor ; spreads out heat generation ; 
FIG . 15 is a cross - sectional view of the monolithic FIG . 39 A illustrates the electrical schematic of FIG . 39 ; 

ceramic capacitor , taken along the line 15-15 of FIG . 14 ; FIG . 39B is a perspective view showing the capacitor 
FIG . 16 is an electrical schematic diagram of an ideal mounted to a flexible connection ; 

MLCC chip capacitor as illustrated in FIGS . 14 and 15 ; FIG . 39C illustrates the electrical schematic of FIG . 39B ; 
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FIG . 40 is a fragmented perspective view of an EMI FIG . 64A is the electrical schematic for FIGS . 63 and 64 ; 
shield conduit mounted to a circuit board having multiple FIG . 64B is a top view of an embodiment of the flat 
MLCC chip capacitors ; through capacitor of FIG . 63 now mounted upon a circuit 
FIG . 41 is a cross - sectional view of a flex cable embody- board ; 

ing the present invention ; FIG . 64C is a cross - sectional view taken along lines 
FIG . 42 is a sectional view taken along line 42-42 of FIG . 64C - 64C from the structure of FIG . 64B ; 

41 ; FIG . 64D is an isometric view of a quad polar flat - through 
FIG . 43 is a sectional view taken along the line 43-43 of filter capacitor ; 

FIG . 41 , illustrating an alternative to the internal circuit FIG . 64E is a sectional view taken along lines 64E - 64E 
traces disclosed with respect to FIG . 42 ; 10 from the structure of FIG . 64D ; 
FIG . 44 is a sectional view taken along line 44-44 of FIG . FIG . 64F is the electrical schematic for FIGS . 64D and 

41 , illustrating one of a pair of coaxially surrounding shields 64E ; 
disposed about the circuit trace ; FIG . 65A is a top view of an embodiment of the quad 
FIG . 45 is an isometric view of the flex cable of FIG . 41 polar flat - through filter capacitor of FIG . 64D now mounted 

connected to a circuit board or substrate having a flat- 15 above a ferrule and insulator in a tombstone mounting 
through capacitor ; position ; 
FIG . 46 is the top view of the flat - through capacitor from FIG . 65B is a cross - sectional view taken along lines 

FIG . 45 ; 65B - 65B from the structure of FIG . 65A ; 
FIG . 47 illustrates the active electrode plates of the FIG . 65C is an isometric view of an internally grounded 

flat - through capacitor of FIGS . 45 and 46 ; 20 quad polar flat - through capacitor ; 
FIG . 48 illustrates the ground electrode plate of the FIG . 65D is a sectional view taken along lines 65D - 65D 

flat - through capacitor of FIGS . 45 and 46 ; from the structure of FIG . 65C ; 
FIG . 49 illustrates a family of lowpass filters , which is FIG . 65E is a top of view of an embodiment of the 

very similar to the family of lowpass filters described in FIG . internally grounded quad polar flat - through capacitor of 
25 FIG . 65C now mounted above a ferrule and insulator in a 

FIG . 49A is similar to FIG . 49 now showing the attenu- tombstone mounting position ; 
ation curve for a feedthrough capacitor with chip capacitor ; FIG . 65F is a cross - sectional view taken along lines 
FIG . 50 illustrates that the high energy dissipating low 65F - 65F from the structure of FIG . 65E ; 

ESR capacitor can be used in combination with other FIG . 65G is an isometric view of a hybrid quad polar 
circuits ; 30 flat - through capacitor ; 
FIG . 51 shows an isometric view of an MLCC chip FIG . 65H is a sectional view taken along lines 65H - 65H 

capacitor that is similar in its exterior appearance to the prior from the structure of FIG . 65G ; 
art MLCC chip capacitor previously described in FIGS . 14 FIG . 651 is a top view of an embodiment of the hybrid 
and 15 ; quad polar flat - through capacitor of FIG . 65G now mounted 
FIG . 52 is a cross - sectional view taken along lines 52-52 35 above a ferrule and insulator in a tombstone mounting 

of FIG . 51 ; position ; 
FIG . 53 is the electrical schematic representation of FIGS . FIG . 65J is a cross - sectional view taken along lines 

51 and 52 ; 651-65J from the structure of FIG . 651 ; 
FIG . 54 is an isometric view of a bipolar hermetic seal FIG . 65Ja is an enlarged partial cross - sectional view 

having a ferrule and two leads passing through the conduc- 40 generally taken from section 65Ja - 65Ja from FIG . 65J now 
tive ferrule in insulative relationship ; showing a new embodiment of a grounding structure ; 
FIG . 55 is the electrical schematic representation of FIG . FIG . 65Jb is an enlarged partial cross - sectional view 

54 ; generally taken from section 65Jb - 65Jb from FIG . 65J now 
FIG . 56 is similar to FIG . 6 showing a breakaway cross- showing a new embodiment of a grounding structure ; 

section of a typical AIMD with novel capacitors mounted to 45 FIG . 65Jc is an enlarged partial cross - sectional view 
an internally disposed circuit board ; generally taken from section 65Jc - 65Jc from FIG . 65J now 
FIG . 56A is the electrical schematic of FIG . 56 ; showing a new embodiment of a grounding structure ; 
FIG . 57 is Very similar to FIG . 56 except that a diode array FIG . 65Jd is an enlarged partial cross - sectional view 

has been added ; generally taken from section 65Jd - 65Jd from FIG . 65J now 
FIG . 58 is the electrical schematic representation of FIG . 50 showing a new embodiment of a grounding structure ; 

57 ; FIG . 65K is a top view of an embodiment of the hybrid 
FIG . 59 is very similar to FIG . 58 except the high voltage quad polar flat - through capacitor of FIG . 65G now mounted 

protection diode array is shown on the other side of the low above a ferrule and insulator in a tombstone mounting 
ESR capacitors ; position ; 
FIG . 60 is an electrical schematic of a back - to - back diode 55 FIG . 65L is a side view taken along lines 65L - 65L from 

placed in series taken from lines 60-60 of FIG . 59 ; the structure of FIG . 65K ; 
FIG . 61 is very similar to FIG . 56 except that the RF FIG . 65M is a side view taken along lines 65M - 65M from 

grounding strap has been replaced with a simple leadwire the structure of FIG . 65K ; 
connection ; FIG . 65N is a top view of another embodiment of a ferrule 
FIG . 62 is very similar to FIG . 61 now with the grounding 60 and insulator structure ; 

leadwire routed directly to the ferrule of the hermetic FIG . 650 is an isometric view of a novel flat - through 
terminal subassembly ; capacitor of the present invention ; 

FIG . 63 is very similar to prior art FIG . 17 that illustrated FIG . 65P is a view similar to that of FIG . 650 now with 
a flat - through type of feedthrough capacitor ; the dielectric and outside metallizations removed ; 
FIG . 64 is very similar to prior art FIG . 18 that illustrated 65 FIG . 65Q is a top view of an embodiment of a flat - through 

the electrode plates of the flat - through type of feedthrough capacitor of FIG . 650 now mounted above a ferrule and 
capacitor ; insulator in a tombstone mounting position ; 
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FIG . 65R is a cross - sectional view taken along lines grounded capacitor utilizing the gold pocket - pad for the 
65R - 65R from the structure of FIG . 65Q ; oxide - resistant connection to the ferrule ; 
FIG . 65S is a cross - sectional view taken along lines FIG . 78 is a cross - sectional view very similar to FIG . 77 

65S - 65S from the structure of FIG . 65Q ; now showing the use of an anisotropic film for making 
FIG . 65T is a cross - sectional view taken along lines 5 electrical connection on the device side ; 

65T - 65T from the structure of FIG . 65Q ; FIG . 79 is a cross - sectional side view illustrating a variety 
FIG . 66 is an isometric view of a bipolar X2Y attenuator ; of filled vias utilizing co - fired fills that can be used with the 
FIG . 67 shows the internal active electrode plates of FIG . present invention ; 

66 now with the dielectric removed ; FIG . 80 is a top view of another embodiment of a filtered 
FIG . 68 shows the internal ground electrode plates of FIG . 10 feedthrough of the present invention ; 

66 now with the dielectric removed ; FIG . 81 is a sectional top view taken along lines 81-81 of 
FIG . 82 ; FIG . 69 shows how the active and ground electrode plates FIG . 82 is a cross - sectional side view taken along lines of FIG . 66 nest parallel to one another with the dielectric 82-82 of FIG . 80 ; removed ; FIG . 83 is a cross - sectional side view taken along lines FIG . 69B is another view of a similar bipolar X2Y 83-83 of FIG . 80 ; attenuator now having a grounding metallization stripe over FIG . 84 is a cross - sectional side view illustrating the use the entire outside surface ; of a metal addition for an oxide resistant attachment ; 

FIG . 69C is a sectional view taken along lines 69C - 69C FIG . 85 is cross - sectional side view of another embodi 
from the structure of FIG . 69B ; 20 ment of the present invention utilizing a two - part pin extend 
FIG . 69D is the electrical schematic of the X2Y attenuator ing through the insulator ; 

of FIGS . 66-69C ; FIG . 86 is a flow chart including a novel pressing step for 
FIG . 70A is a top view of another embodiment of the X2Y a co - fired insulator assembly having a conductive composite 

attenuator in FIGS . 66-69D now disposed on a circuit board sintered paste via for achieving improved hermeticity and 
disposed over an insulator and ferrule ; 25 durability ; 
FIG . 70B is a cross - sectional view taken along lines FIG . 87 is a cross - sectional view of the insulator assembly 

70B - 70B from the structure of FIG . 70A ; in the green state of FIG . 87 before pressing ; and 
FIG . 70C is a top view of another embodiment of an X2Y FIG . 88 is a cross - sectional view of the structure of FIG . 

attenuator disposed in a tombstone mounting position over 88 after the pressing step resulting in a mixing zone between 
an insulator and a ferrule ; 30 the different structures . 
FIG . 70D is an enlarged view taken along lines 70D - 70D 

from FIG . 70C showing just one of the X2Y attenuators DETAILED DESCRIPTION OF THE 
where the active and ground electrode plates are now PREFERRED EMBODIMENTS 
visible ; 
FIG . 71A illustrates an isometric view of a gold pocket- 35 FIG . 1 illustrates various types of active implantable 

pad electrically connected to the ferrule for use with the medical devices ( AIMD ) referred to generally by the refer 
present invention ; ence numeral 100 that are currently in use . FIG . 1 is a wire 

FIG . 71B illustrates the structure of FIG . 71A now with a formed diagram of a generic human body showing a number 
capacitor of the present invention installed ; of exemplary implanted medical devices . Numerical desig 
FIG . 71C is a view similar to FIG . 71B now illustrating 40 nation 100A is a family of implantable hearing devices 

how the capacitor can be oversized such at least one of its which can include the group of cochlear implants , piezo 
ends can extend past the edge of the ferrule ; electric sound bridge transducers and the like . Numerical 
FIG . 72A is a view similar to FIG . 71A now illustrating designation 100B includes an entire variety of neurostimu 

a novel gold pocket - pad extending along the long side of the lators and brain stimulators . Neurostimulators are used to 
ferrule thereby facilitating attachment of a larger capacitor ; 45 stimulate the Vagus nerve , for example , to treat epilepsy , 
FIG . 72B is a view similar to FIG . 72A now illustrating obesity and depression . Brain stimulators are similar to a 

the capacitor attached ; pacemaker - like device and include electrodes implanted 
FIG . 72C is a view similar to FIG . 72B now illustrating deep into the brain for sensing , for example , the onset of a 

the capacitor metallization being grounded to the gold braze seizure and also providing electrical stimulation to brain 
of the insulator ; 50 tissue to prevent a seizure from actually happening . Numeri 
FIG . 73 is a cross - sectional view taken along lines 73-73 cal designation 100C shows a cardiac pacemaker which is 

of FIG . 72B ; well - known in the art . Numerical designation 100D includes 
FIG . 74A is a perspective view of an internally grounded the family of left ventricular assist devices ( LVAD's ) , and 

feedthrough capacitor of the present invention before it is artificial hearts , including the artificial heart known as the 
installed onto the ferrule ; 55 Abiocor . Numerical designation 100E includes an entire 
FIG . 74B is a view similar to FIG . 74A now showing the family of drug pumps which can be used for dispensing of 

electrode plate stack up ; insulin , chemotherapy drugs , pain medications and the like . 
FIG . 74C is a view similar to FIGS . 74A and 74B now Drug pumps are evolving from passive devices to ones that 

showing the internally grounded feedthrough capacitor have sensors and closed loop systems . For example , insulin 
installed ; 60 pumps provide real time monitoring of blood sugar levels 
FIG . 75 is a top view illustrating how a rectangular and can dispense insulin in accordance with the insulin 

capacitor can overhang the ferrule ; levels sensed . Such active pump devices tend to be more 
FIG . 76 is a cross - sectional side view taken along lines sensitive to EMI than passive pumps that have no sense 

76-76 from FIG . 75 ; circuitry or externally implanted leadwires . 100F includes a 
FIG . 77 is a cross - sectional side view of another embodi- 65 variety of implantable bone growth stimulators for rapid 

ment of the present invention utilizing a cermet disposed healing of fractures . Numerical designation 100G includes 
within a via hole in the insulator along with an internally urinary incontinence devices . Numerical designation 100H 
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